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Abstract: The expression vectors are designed for expression and purification of normal or recombinant gene of interest. There is a wide variety of stable and transferable selectable mammalian expression vectors.The vector pCDM8 and its derivatives, pcDNAI/Ampicilline are widely used for cloning and
analyzing of genes in higher eukaryotic cells. The vectors pRC/CMV, pcDNA3 and pRC/RSV are
designed for high-level expression of recombinant genes in mammalian cells.
In the present study, we have been able to transfect and express the monospecific bacterial (Moroxcella
spp) cytosine-5 DNA methyltransferase (MTase) M.Msp1 gene in cultured cells within a newly constructed mammalian transfection vector. We have constructed a very efficient, stable or transferable
eukaryotic expression vector analogous to the well-known expression system in COS cells.
Bacterialcytosine-5 MTase gene with a vertebrate nuclear targeting signal (NLS) SV40 VP1 and marker enzyme glutathion-S-transferase (GST) genes were transferred into the eukaryotic shuttle vector
pcDNA3 using a PCR based method. This novel plasmid which contains a strong cytomegalovirus and
T7 promoters and the SV40 origin of replication for autonomous replication in mammalian cells wascalled pOZT4. Human kidney epithelial 293 and CHO cells were transfected with pOZT4 which was
encoding the fusion gene and it was established that the genomic DNA of both cells were methylated
at the CCGG sites by the active enzyme.
Key Words: Vector pOZT4, Bacterial methyl transferase M.Msp1, Mammalian
cell transfection.

Yapısında Sitozin-5 Spesifik Metiltransferaz M.Msp1 Geni Taşıyan Bir
Memeli Gen Transfer Vektörünün Oluşturulması
Özet: Ekspresyon vektörleri normal yada rekombine bir genin istenilen hücreye aktarılması, ekspresyonu ve proteinin saflaştırılmasına olanak sağlayacak şekilde oluşturulurlar. Günümüzde mem hücrelerin
transient yada stabil gen transferi için kullanılan ve yapılarında taşıdıkları antibiyotik dirençlilik geni ile
*: This study is part of a project supported by NATO fellowship 94/B1 TUBITAK-TURKEY and carried out in Krebs
Institute, University of Sheffield, UK
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hücre seçilimleri kolaylıkla yapılabilen birden fazla vektör bulunmaktadır. Bunlardan pCDM8 ve türevleri, pcDNAI/Ampisilin ökaryotik hücrelerde, pRC/CMV, pcDNA3 ve pRC/RSV vektörleri ise memeli
hücre transfeksyonunda en yaygın kullanılan vektörlerdir.
Bu araştırmada, memeli hücreleri yapısında bakteri (Moroxella spp.) monospesifik sitozin-5 DNA metiltransferaz (MTaz) M.Msp1 geni taşıyan, yeni oluşturulmuş memeli gen transfer vektörü ile transfekte
edildi ve gen ekspresyonları yapıldı. Bunun için, COS hücreleri ekspresyonunda kullanılan vektöre analog, stabil ve trasient gen transferinde kullanılabilir bir vektör oluşturuldu. PCR ile birlikte amplifiye
edilen bakteriyel sitozin-5 MTaz, omurgalı nükleer transport sinyali (NLS) SV40 VP1 ve markır enzim
glutatyon-S-transferaz (GST) genleri ökaryotik hücre transfeksiyonu için uygun bir vektör olan
pcDNA3’e aktarıldı. Memeli hücrelerinde otonom replikasyon için yapısında SV40 replikasyon orijini ve
güçlü sitomegalovirus ve T7 promotorları bulunan ve yeni oluşturulan plasmid pOZT4 olarak
adlandırıldı. İnsan böbrek epitel 293 ve CHO hücreleri pOZT4 ile başarı ile transfekte deldi, enzimin
hücre DNA’larını CCGG dizilerinden metillediği saptandı.
Anahtar Sözcükler: Vektör pOZT4, Bakteriyel metil transferaz M.Msp1, Memeli hücre transfeksiyonu

Introduction
A DNA molecule needs to display several features to be able to act as a vehicle for gene
cloning. Two kinds of DNA molecules that satisfy these criteria can be found in bacterial cells;
plasmids and bacteriophage DNA. Although plasmids are frequently employed as cloning vehicles
in molecular biological studies, two of the most important types of vector in use today are
derived from bacteriophages (1). Plasmids are circular DNA molecules exist in bacterial cells
apart from the main bacterial chromosome. All plasmids possess at least one replication origin.
Therefore they are able to multiply themselves within the cell quite independently from the main
bacterial or mammalian chromosomes. Plasmids are divided into conjugative and non-conjugative groups. Using a conjugative plasmid could be necessary for a stable cell transfection. The
mammalian vectors are widely used for cloning, expressing and analyzing of genes in higher
eukaryotic cells. Only two types of methods have been suggested for insertion of foreign genes
into mammalian cells; one is mediated by viral infection and other is direct DNA transfection.
The expression vector plasmid is cut with an appropriate restriction enzyme to facilitate insertion of any gene of interest and prevent circulation of the vector without the insert during the
ligation step. Plasmid replication in mammalian cell lines is achieved by the use of a viral replication system. The principle is to manipulate the replicative components of the virus to enable
plasmid replication . All that is needed by SV40 virus for replication is the T-antigen and the origin of replication (ori) (2-4). However it has been reported that the use of a viral T-antigen system facilitates plasmid replication in cell lines which do not normally express T-antigens (5). Kim
et al.(6) investigated whether the transient replication system described by de Chasseval and de
Villartay (7), would work in human kidney 293 cells. Cells were co-transfected with pEF321-T
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which encodes the SV40 T-antigens under the control of the human elongation factor
1α((EF1(α) promoter. The vector, containing the replication origin of SV40, the CMV enhancerpromoter region allows transient and strong constitutive expression in a variety of cell types (8).
CMV promoter has been demonstrated in transgenic mice where expression of the chloramphenicol acetyltransferase (CAT) gene regulated by the CMV promoter was observed in 24 out
of 28 tissues examined (9). In this study, it was aimed to detect the methylase activity of bacterial cytosine-5 MTase M.Msp1 enzyme on CCGG sequences in transfected mammalian DNA.
Here we report a new vehicle pOZT4 encoding bacterial cytosine-5 M.Msp1 MTase
with a vertebrate nuclear targeting signal (NLS-SV40 VP1) and marker enzyme glutathione-Stransferase (GST) gene fusion. It is seen here that the human kidney epithelial 293 and CHO
cells were transfected successfully with pOZT4.
Materials and Methods
Oligonucleotides and PCR Amplification
Synthesis of oligonucleotides was performed using a model 381 DNA synthesizer
Biomolecular Synthesis Service of Krebs Institute, Sheffield U.K. 52 mer top strand

in

A-P-T-K-R-K

deduced signal sequence

5'-CGCG AAGCTT CATAAG GCGGGGTATTTTGCGTTT
HindIII

Nde I

TCCCCTATACTAGGTTAT-3'

NLS

GST

39 mer bottom strand
AWMSP3 : Forward primer to 3' end of M.Msp1 sequence contains stop and EcoRI
sites;

5'-CGCG GAATTC TTA AACGAGTTCTAATTCAAAGTTTTCTT-3'
EcoRI
Stop
M.Msp1

The two above mentioned bottom and top strands served as primers and the PCR was set up
as follow; PCR amplification reaction (50 µl) contained 2 µl of each primer (0.5µM), 2 µl template DNA (100 ng), 2µl dNTPs (200 µM for each), 2 µl MgCl2 (2 mM), {5µl of 10X Taq DNA
polymerase buffer (500 mM KCL, 100 mM Tris (pH: 9.0 at 25 °C), 1 per cent Triton X-100},
1µl Taq DNA polymerase (2 units),(Promega Biotec.) and 36 µl distilled water. Reaction mixtures
were carried out by using the thermal cycler Techne model HL-1. For the first cycle, denatura163
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tion, annealing and extension steps were programmed as; 94°C for 1.5 min, 50°C for 2 min
and 72°C for 3 min respectively. Denaturation time was decreased to 1 min and thirty cycles of
the profile were run with the final step increased to 10 min.
Restriction Activity Assay
Restriction endonuclease digestion was assayed by incubation of 1µg DNA in a total volume
of 20µl with 10-20 units of restriction enzyme. Digestions were carried out at the recommended temperatures (usually 37°C) for 2-24 hours by using specific buffers supplied with
enzymes. Restriction fragments were then analyzed by 1 % agarose gel electrophoresis, stained
with ethidium bromide (4 µg/ml).
Plasmid Construction
All plasmids designed to express cytosine-5 MTase M.Msp1 gene fusion proteins in cultured
cells were generated from the plasmids pUC19, pNRT-2, pMTL23 and pcDNA3 (Invitrogen and
Pharmacia). First the gene encoding the bacterial cytosine-5 specific DNA MTase, M.Msp1gene
was introduced into the general cloning vector pUC19 and plasmid pOZT1 constructed (Figure
1).
Figure 1.

1

2
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HindIII
SphI
PstI
AccI
HincII
SalI
Xbal
BamHI
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EcoRI

AflIII

EcoRI
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lacZ'

AlwNI

pUC19
2686 bps
amp
GsuI

NdeI

NdeI

DraII
PssI
AatII
SspI

NLS GST

BamHI

M. MspI

PCR PRODUCT
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LIGATIO
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PCR product and construction of
pOZT1. a: 1% agarose gel electrophoresis of PCR product. Lanes
Lanes 1 and 2: NLS+GST+M.Msp1
gene fusion (2047 bp). Lane 3: M, λ
DNA cut with Hind III/ EcoRI.
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Then the M.Msp1 gene in pOZT1 was replaced with its non-mutant counterpart in pNRT-2 and
newly constructed plasmid was called pOZT 2 (Figure 2).
Ndel
Figure 2.

BamHI
lacI

NLS GST

GST

pNRT2
6300 bps
amp

BamHI

Construction
of pOZT 2.

MspI
amp

pOZT1
4733 bps

MspI

EcoRI
EcoRI
DIGEST WITH BamHI/EcoRI

LIGATION

HindIII
Ndel
BamHI

lacI NLS GST
pOZT2
4733 bps

MspI

amp
EcoRI

In order to test the restriction activity of the enzyme and to acquire the HindIII and XhoI restriction sites, the fusion construct in pOZT 2 was introduced into the a general transformation vector pMTL23 using restriction-ligation assay (1) and the new plasmid was called pOZT 3 (Figure
3). The coding sequence for glutathione-S-transferase preceded by a vertebrate nuclear localization sequence was added to this construct using PCR.The fusion construct was finally introduced into the general purpose transfection vector, pcDNA3 and pOZT4 constructed. All of the
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restriction enzymes that were used in this study (HindIII, EcoRI, XhoI, NdeI and BamHI ) were
purchased from Northhumbria Biological Ltd (N,B.L.), New England Biolabs and Invitrogen.
(DNA markers were obtained from N.B.L. All other chemicals were obtained from Sigma and
Fisons.
Xhol
KpnI
SacI
EcoRI
XbaI
HindIII
NdeI
BamHI

HindIII
Ndel
BamHI

lacI NLS GST
pOZT2
4733 bps

lacZ

ori

Figure 4.

Restriction map of
pOZT 3. PCR product was digested
with Hind III/EcoRI
and transfered from
pOZT 2 into
pMTL23.

pMTL23
2700 bps

MspI

amp

amp
EcoRI
DIGEST WITH HindIII/EcoRI

LIGATION

XhoI EcoRI

MspI

ori
pOZT3
4700 bps

BamHI
GST

amp

NLS
NdeI
HindIII

Results
The pOZT1-3 vectors were designed for bacterial cell transformation, whereas the pOZT4
vector was designed for high level constitutive expression of bacterial cytosine-5 specific
M.Msp1 gen in a variety of mammalian cells by stable or transient transfection. We generated
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plasmids with the bacterial M.Msp1 gene inserts in frame with GST and NLS (SV40 VP1)
encoding genes by amplifiying the corresponding fragments by PCR and ligation. Ligation of
these fragments into the Hind III and EcoRI sites of pMTL23 and Hind III and XhoI sites of
pcDNA3 (which contains the lacZ reporter gene) and pUC19 backbone under control of T7 and
CMV promoters were carried out by using DNA ligase and some restriction enzymes (HindIII,
EcoRI, BamHI, NdeI and XhoI). PCR product (2000 bp), (Figure 1-a) was first inserted into
pUC19 plasmid (2686 bp ), and pOZT1 was constructed (Figure 1). pNRT-2 (6300 bp) and
pOZT 1 (4733 bp) were digested with BamHI and EcoRI and was ligated to construct pOZT 2
(4733 bp) (Figure 2). The difference between pOZT 1 and 2 was substitution of M. Msp1
encoding gene that was amplified in PCR with original counterpart of the gene in pNRT-2 plasmid. Approximately 2047 bp PCR product in pOZT 2 was then transferred into general vector
pMTL23 (2700 bp) to construct pOZT 3 (4700 bp), (Figure 3).
As a last step, in order to construct a new mammalian cell transfection vector the
NLS+GST+M.Msp1 fusion gene in pOZT 3 was transferred into the pcDNA3 (5400 bp which
was designed for high level transient expression in eukaryotic hosts, purchased from
Invitrogen), and pOZT4 constructed. pOZT4, which is approximately 7400 bp in length, carried
the T7 and CMV promoters and NLS, GST and M.Msp1 genes which were located downstream
from the BGH f1 ori transcription starting site (Figure 4). The plasmid pOZT 4 was a derivative of pcDNA3 and contains a Hind III-XhoI fragment derived from pOZT 3 inserted between
Hind III-XhoI sites within the ampicilline and neomycin resistance genes (AmpR, NeoR).The GST
recognition site lies within the coding region of the NLS and M.Msp1 genes and allows detection
of expressed proteins by directly labeling the fusion products in vitro. pOZT4 is a vector contains multiple cloning sites downstream from the T7 and CMV promoters into which a gene can
be cloned. Human kidney epithelial 293 and CHO cells were transfected successfully with pOZT
4 (data not shown).
Discussion
Molecular cloning of a PCR product is now one of the most commonly used methods to isolate, transfer and manipulate genes. Vectors are very frequently used for isolating subclones
from DNA segments that have already been purified either by gene cloning or PCR. Using vectors to transfer genes into any mammalian cell is a versatile and the most current procedure.
Most of the mammalian transfection vectors (eg.,pXf3, pBRd and pML) in current use contain
prokaryotic sequences from derivatives of the plasmid pBR322 (10). Transfection of Chinese
Hamster Ovary cells with a plasmid containing the cDNA for human preprorenin has provided
cell lines that secrete 15 mg of native prorenin per liter of culture medium (11). A strong transcription enhancer was identified in the DNA (235 kb) of human cytomegalovirus, a ubiquitous
and severe pathogen of the herpes virus group (12). Co-transfection of enhancerless SV40 DNA
with randomly fragmented HCMV DNA yielded two SV40-HCMV recombinant viruses that had
incorporated overlapping segments of HCMV DNA to substitute for the missing SV40 enhancer.
A vector that replicates itself as a plasmid has been found in B-lymphoblasts transformed by
Epstein-Barr virus (13). Sugden and Ytes had constructed a vector pHEBo, that carries oriP and
showed that it was also efficiently maintained in B-lymphoblasts (13). Maier et al. had trans-
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ferred the interleukin 1 alpha gene into the human endothelial cells using nuclear transporting
signal (14). Two chloramphenicol acetyltransferase (CAT) transient expression vectors, pL-EPA
and pL-LPA that differ only in their polyadenylation signals were constructed by using early and
late polyadenylation signals (15).

XhoIEcoRI
p CMV
MspI

ori

pOZT3
4700 bps
GST
amp

HindIII Figure 4.
KpnI
BamHI
EcoRI
EcoRV
NotI
XhoI
XbaI

The construction
and restriction
map of the mammalian transfection vector
pOZT4.

T7
pCDNA3 Sp6
BGH
5400 bps

BamHI
amp

NLS

SV40
Neo

NdeI
HindIII
DIGEST WITH HindIII/XhoI

LIGATION

BamHI

Ndel
HindIII

EcoRI
XhoI

MspI

GST
BGH
NLS
T7
pOZT4
SV40
pCMV 7400 bps
Neo
amp

One of prerequisites of gene transfection and therapy is that the gene involved should have
been cloned. This should include not only the structural gene which needs to be expressed but
also the DNA sequences involved in the control and regulation of expression. An investigator's
choice of vector depends on the experimental goal and is an important parameter for the good
result. On the other hand the cells which are to be transfected with a foreign gene must be iden168
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tifiable with any antibiotic resistance gene.
Here we described four newly constructed vectors, (pOZT1-4) that were constructed to promote a high level of constitutive expression of the bacterial cytosine-5 MTase M.Msp1 gene in
mammalian cells. First the plasmids were tested for their ability to generate bacterial enzyme
activity in E.coli DH5 α, Top10F' and MC1061/P3 cell colonies and their capacity to be maintained in an extrachromosomal form without undergoing extensive rearrangement (data not
shown). Finally, human kidney 293 and CHO cells were transfected with pOZT4 for determining the effects of the bacterial MTase on mammalian nuclear DNA. We have developed a
more general expression system using promoters from the T7, CMV and gene encoding bacterial cytosine-5 MTase M.Msp1 which is widely expressed in almost all cell types. The newly
constructed plasmid pOZT4 contains human CMV major intermediate early promoter/enhancer
region which will drive expression of inserted gene.Vertebrate nuclear targeting signal SV40
VP1 which will respond for mediating nuclear import. Bovine growth hormone (BGH)
polyadenylation signal for polyadenylation of transcribed mRNAs, T7 and Sp6 promoters for
sense/anti-sense in vitro transcription. Vector pOZT4 is a typical G418 antibiotic (ampicilline,
neomycin and kanamycine) resistant plasmid which contains a promoter and RNA processing signals from the SV40 tumor virus flanking the drug resistance ampicilline and neomycin genes,
allowing cells to be selected as stable transfectants. New vector is derived from pcDNA3 based
on pUC19 backbone and incorporated a marker enzyme GST gene sequence that allowed rapid
screening by western or southern blot analysis for the presence of the insert. pOZT4 was 7400
bp in size, and it carried a wide range of recognition sites for cognate restriction enzymes
(Figure 4) that could be used to generate a restriction fragment suitable for cloning. Vectors
pOZT1, pOZT2 and pOZT3 were transformed into E.coli strains while pOZT4 was transfected
and expressed successfully in both human kidney epithelial 293 and CHO cells (data not shown).
The plasmid encoded fusion protein was demonstrated to exhibit cytosine-5 specific DNA MTase
activity by the resistance of the genomic DNA of mammalian cells to the restriction enzyme
R.Msp1. Human kidney epithelial 293 and CHO cells were transfected with pOZT4 plasmid and
using an antibody directed against to the glutathione-S-transferase moiety, it was shown that
the enzyme was expressed in both types of cells. Furthermore, substantial phenotypic changes
were observed in 293 cells following 58 days of stable transfection (data not shown). The existence of inherited CCGG methylation in mammalian cells has important effects in gene regulation and cell development in addition to the CpG methylation.
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